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Using troponin T to diagnose 
acute coronary syndromes 

A B S T R A C T 

Elevated troponin T is a useful marker for acute myocardial 
infarction: it is more specific than is elevated creatine 
kinase MB isoenzyme, and it remains elevated for many 
days after creatine kinase levels have returned to normal, 
providing a useful indicator for late presentations. 
Nevertheless, creatine kinase MB still has many important 
roles, including providing estimates of infarct size and 
diagnosing acute myocardial infarction in patients wi th 
renal failure. Often, measuring both markers provides 
additional information. This article provides a diagnostic 
algorithm for using both markers. 

KEY POINTS 

Troponin T becomes detectable in the circulation within 4 to 
6 hours of a myocardial infarction and remains detectable 
for 5 to 14 days. Creatine kinase MB levels rise at about the 
same rate but usually return to normal within 48 hours. 

The threshold level of troponin T considered positive for 
myocardial infarction is 0.1 ng/mL in patients wi th normal 
renal function or 0.5 ng/mL in patients wi th renal 
impairment. 

Lack of a troponin T elevation does not rule out an acute 
coronary syndrome; serial measurements should be 
obtained. 

N PATIENTS with suspected acute coronary 
syndromes (unstable angina, n o n - Q -

wave infarction, and ST-elevation myocardial 
infarction), troponin T is more specific for car-
diac damage than the current gold standard, the 
creatine kinase MB isoenzyme (CK-MB). 
However, CK-MB still has many important 
roles, such as estimating the size of an infarction 
and detecting repeat infarctions. Often, measur-
ing both markers together provides more infor-
mation than measuring either alone. 

This article discusses the importance of 
these two markers and presents an algorithm 
for using them in the diagnosis of the acute 
coronary syndromes. 

• WHAT IS TROPONIN T? 

T h e cardiac troponin complex is part of the 
contractile apparatus of striated muscle. Acute 
myocardial injury breaks down troponin into 
its component subunits, labeled C, I, and T. 

As a diagnostic marker, troponin T is quite 
cardiac-specific. Troponin I is similarly car-
diac-specific, but troponin C is not . Myoglobin 
has been identified as an early marker, but it is 
not cardiac-specific and thus must be measured 
in tandem with other markers. 

Troponin T can be detected in the circula-
tion within 4 to 6 hours of myocardial infarc-
tion and remains detectable for 5 to 14 days. 
T h e level of troponin T considered positive for 
myocardial infarction is 0.1 ng/mL (0.1 |ig/L) 
or higher. 

• HOW DOES TROPONIN T 
COMPARE WITH CK-MB? 

*The authors have indicated that they have received grant or research support 
f rom Roche Diagnostics, Inc. 

Although the CK-MB level has become the 
gold standard for diagnosing acute myocardial 
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T A B L E 1 

I n a c u t e c o r o n a r y s y n d r o m e s , o n l y 6 0 % 
o f p a t i e n t s w i t h e l e v a t e d m a r k e r s 
h a v e e l e v a t i o n s a t p r e s e n t a t i o n 
TIME PERCENT NEWLY POSITIVE* 

CK-MB' TROPONIN T» 

Presentation 59.5% 58.3% 
4 hours 28.7% 30.6% 
8 hours 8.8% 6.9% 
16 hours 2.9% 4.2% 

*0 f patients who tested positive at any t ime 
»Threshold value > 8.8 ng/mL; n = 119 
»Threshold value > 0.1 ng/mL; n = 123 

DATA FROM MCERLEAN ES, DELUCA SA, VAN LENTE F, ET AL. COMPARISON OF 
TROPONIN T VERSUS CK-MB IN SUSPECTED ACUTE CORONARY SYNDROMES. 

AM J CARDIOL 2000; 85:421-426. 

infarction, many researchers have sought an 
alternative marker with even better diagnostic 
and prognostic value, one that is easier to 
measure, or one that allows quicker identifica-
tion of myocardial infarction. 

The relative diagnostic and prognostic 
values of troponin T and CK-MB are in dis-
pute. Measuring both markers together is fre-
quently useful. 

Troponin T is m o r e specific 
In most circumstances, troponins are more 
cardiac-specific than CK-MB, which can be 
elevated in patients with skeletal muscle trau-
ma, myopathies, or multiorgan dysfunction.1 

Measur ing t roponin T can be faster 
Troponin T can be measured by immunoassay 
either qualitatively at the bedside (which can be 
done within 20 minutes of sampling and is use-
ful in emergencies in which the laboratory turn-
around time would be too long) or quantitative-
ly in the laboratory. In contrast, measuring CK-
MB requires special equipment. The bedside 
(qualitative) test provides a yes-or-no answer as 
to whether the troponin T level is higher than a 
defined threshold (either 0.1 or 0.2 ng/mL) and 
may be affected by subjective factors. 

CK-MB is c leared faster 
Although troponin T and CK-MB concentra-
tions rise at about the same rate after myocar-

Troponin T 
can be 
measured 
at the bedside 

dial necrosis (both reach a peak in about 24 
hours), CK-MB is cleared much faster. CK-
MB almost always returns to normal 48 hours 
after an event, but troponin T remains elevat-
ed for at least several days and at most 2 weeks. 

Therefore, CK-MB is better for detecting 
reinfarctions soon after the first event. O n the 
other hand, an elevated troponin T with a low 
CK-MB level in a patient with a clinical pre-
sentation and electrocardiographic changes 
consistent with ischemia suggests a late pre-
sentation of myocardial infarction. 

Both markers require serial measurements 
Neither CK-MB nor troponin T consistently 
appear in the blood within 6 hours after an 
ischemic event. Therefore, patients presenting 
early after symptom onset may not have 
detectable troponin T, even if they have posi-
tive electrocardiographic findings. Measuring 
CK-MB or troponin T once upon presentation 
does not detect all cases of myocardial infarc-
tion; serial testing dramatically enhances the 
diagnostic accuracy of both markers.2 '3 

We conducted a 700-patient trial to com-
pare the usefulness of t roponin T and CK-MB 
in suspected acute coronary syndromes.4 Of 
the patients who eventually tested positive for 
troponin T (ie, who had a level > 0 . 1 ng/mL) 
or for CK-MB (ie, who had a level > 8.8 
ng/mL), only approximately 60% tested posi-
tive at presentation; most of the rest became 
positive in the ensuing 8 hours (TABLE 1 ) . T h e 
mean time from symptom onset to hospital 
presentation was 4.7 hours. Therefore, multi-
ple blood samples should be evaluated over a 
period of at least 8 hours to definitively rule 
out myocardial necrosis. 

Troponin T clearance is p ro longed 
in pat ients w i t h renal i m p a i r m e n t 
Many patients with coronary artery disease 
also have renal impairment, and there have 
been reports of apparent false-positive tro-
ponin T results in pat ients receiving 
hemodialysis.5 Because the clearance of tro-
ponin T is prolonged in patients with renal 
impairment, it is difficult to discern whether a 
positive troponin T value is due to a recent 
event or a remote one. 

We found that t roponin T levels were not 
as accurate in predicting adverse outcomes in 
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patients with renal impairment as they were 
in those with normal renal function ( T A B L E 2 ) 6 
Thus, if a patient has renal impairment, one 
should not diagnose an acute cardiac event 
unless the troponin T level reaches 0.5 ng/mL 
and increases with time. 

To avoid this difficulty, it may be prtident 
to depend on CK-MB as the primary diagnos-
tic marker in patients with renal impairment, 
as clearance of CK-MB is not affected by renal 
function. A persistently low CK-MB value can 
rule out an acute event in patients with renal 
impairment and positive troponin T values. 

Troponin T predicts risk bet ter 
Troponin T provides more information than 
CK-MB does about the risk for future cardiac-
related adverse events in patients presenting 
with acute coronary s y n d r o m e s . 4 . 6 , 7 - 9 

In pat ients with acute myocardial 
ischemia and ST-segment changes on presen-
tation, the G U S T O Ila study8 found that the 
higher the troponin T level on presentation, 
the higher was the mortality rate at 30 days. 
T h e initial troponin T level added predictive 
information to that supplied by the baseline 
electrocardiogram. 

In patients with chest pain of suspected 
cardiac origin, two other studies10 '11 found 
even patients with troponin T values in the 
"high-normal" range of 0.05 to 0.1 ng/mL had 
a higher risk of adverse events than did those 
with lower values. Possibly, patients with 
slight increases in troponin T have myocardi-
um that remains at risk for recurrent ischemia 
or infarction; thus a small troponin T increase 
may identify a group of patients who would 
benefit from expedited care. 

Troponin T predicts benef i t of t r e a t m e n t 
Several studies found that patients with ele-
vated troponin T levels not only had a higher 
risk but derived more benefit from antithrom-
botic and antiplatelet t reatment than did 
patients with low values. 

T h e FRISC trial12 looked at t roponin T 
levels in patients with unstable angina or 
n o n - Q - w a v e myocardial infarct ion, who 
subsequently received subcutaneous injec-
tions of either the low-molecular weight 
heparin dalteparin (Fragmin) or placebo. A t 
40 days, in patients with an initial troponin 

T A B L E 2 

Troponin T levels in t w o p a t i e n t s 
w i t h n o n - Q - w a v e acute myocard ia l 
in fa rc t ion w i t h and w i t h o u t rena l 
I m p a i r m e n t * 
T I M E T R O P O N I N T L E V E L ( N G / M L ) 

P A T I E N T W I T H 
N O R M A L R E N A L 
F U N C T I O N ' 

P A T I E N T W I T H 
R E N A L 
I M P A I R M E N T * 

Presentation 0.07 0.36 
4 hours 0.36 1.71 
8 hours 1.33 1.82 
12 hours 1.70 1.80 

*At all times, a patient w i th renal disease can be expected to have higher 
troponin T levels than a patient w i th normal kidney function; however, an 
initial high reading in a patient w i th renal disease should not be dis-
missed as falsely positive, as shown by the progressive rise over t ime and 
the peak troponin T value higher than 0.5 ng/mL. 
tSerum creatinine level 0.9 mg/dL 
•Serum creatinine level 2.6 mg/dL 

DATA FROM VAN LENTE F, MCERLEAN ES, DELUCA SA, ET AL. ABILITY OF TROPONINS TO 
PREDICT ADVERSE OUTCOMES IN PATIENTS WITH RENAL INSUFFICIENCY AND SUSPECTED 

ACUTE CORONARY SYNDROMES: A CASE-MATCHED STUDY. 
J A M COLL CARDIOL 1999; 33:471^178. 

T level of 0.1 ng/mL or higher, 7.4% of those 
receiving dal tepar in had died or had a 
myocardial infarction, compared with 14-2% 
of those receiving placebo (P < .01). 
However, dalteparin produced no statistical-
ly significant difference in outcomes in 
patients with troponin T levels lower than 
0.1 ng/mL; the 40-day adverse event rate was 
5.7% in the dalteparin group compared with 
4-7% in the placebo group. 

Similarly, the C A P T U R E t r i a l " looked at 
troponin T levels in patients with refractory 
unstable angina who subsequently received 
the glycoprotein Ilb/IIIa inhibitor abciximab 
(ReoPro) or placebo starting before and con-
tinuing through percutaneous coronary angio-
plasty. A t 6 months, in those with troponin T 
levels higher than 0.1 ng/mL, 9.5% of those 
who received abciximab had died or had a 
myocardial infarction, compared with 23.9% 
of those who received placebo (P < .001). In 
patients with low troponin T, abciximab made 
no significant difference. 

If these findings are confirmed, troponin 
T values, when combined with other objec-
tive measures of ischemia, can be used for spe-

Creatine kinase 
may be a better 
marker in 
patients with 
renal 
impairment 
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cific t reatment decisions in patients with 
unstable angina. 

A negat ive t roponin T result 
does not rule out disease 
Of importance: a negative troponin T finding 
does not imply the absence of risk for future 
cardiac events. In our study,4 55% of the 
patients who experienced an in-hospital event 
had negative troponin T results. In contrast, 
another recent study7 found that among low-
risk patients presenting to the emergency 
department with chest pain, those with nega-
tive troponin T findings could be discharged 
safely. However, on balance, these findings 
suggest tha t negative findings for cardiac 
markers indicate the absence of myocardial 
necrosis, but do not necessarily rule out an 
acute coronary syndrome, particularly unsta-
ble angina. 

CK-MB est imates the size of an infarct ion 
CK-MB is more reliable than troponin T for 
estimating the size of an infarction, since its 
faster clearance allows it to be used for infarct 
sizing within the first 48 hours of presenta-
tion. In contrast, t roponin T may provide 

Cardiac markers information about infarct size but after a 
must be tracked l ° n S e r t i m e c o u r s e - This renders it less useful 

for this purpose. 
over time 

M o r e is k n o w n about CK-MB 
Finally, more is known about CK-MB than 
about troponin T in many situations simply 
because of a wealth of previous research on 
CK-MB as the gold standard in diagnosing 
myocardial infarction. For example, the prog-
nostic implications of elevated CK-MB after 
percutaneous intervention are better docu-
mented than the implications of elevated tro-
ponin T in this situation.14 Therefore, CK-MB 
should be evaluated after a percutaneous inter-
vention. Similarly, there are limited data about 
the effect of cardiopulmonary bypass surgery or 
defibrillation on the release of troponin T. 

• TESTING IS BASED 
ON THE INITIAL ELECTROCARDIOGRAM 

All patients who present with chest pain of 
possible cardiac origin should have a 12-lead 
electrocardiogram to obtain objective infor-

mat ion about ST-segment and T-wave 
changes ( F I G U R E 1 ) . Subsequent testing is based 
on the initial electrocardiographic findings. 

ST-segment e levat ion 
Patients with clear-cut ST-segment eleva-
tions and a clinical picture consistent with 
acute myocardial infarction can be admit ted 
and treated on the basis of these findings 
alone. 

Nevertheless, at presentation, t roponin T 
and CK-MB should be measured in the labo-
ratory to confirm these findings. Further CK-
MB testing may be performed to estimate 
infarct size. Another reason for measuring tro-
ponin T is to assess short-term and long-term 
risk for subsequent cardiac-related adverse 
events. 

ST-segment depression or T-wave inversion 
Patients with ST-segment depression or T-
wave inversion consistent with ischemia can 
be given a tentative diagnosis of unstable 
angina, a l though n o n - Q - w a v e myocardial 
infarction must be ruled out. They should be 
admitted, and troponin T or CK-MB or both 
should be monitored initially and at 6 and 12 
hours either qualitatively at the bedside or 
quantitatively in the laboratory. 

If the troponin T level reaches 0.1 ng/mL, 
the diagnosis of non-Q-wave infarction is 
made, and further quantification of t roponin 
T and CK-MB is appropriate for evaluating 
infarct size. Aggressive management with 
reperfusion or antiplatelet therapy should be 
considered for troponin T-positive patients, 
even if the troponin T concentrat ion is less 
than 0.1 ng/mL. 

Nonspecif ic changes or normal f indings 
Electrocardiography has been shown to be 
nondiagnostic at presentation in over 40% of 
patients who ultimately are diagnosed with 
acute myocardial infarction.2 In addit ion, 
some preexisting conditions limit the inter-
pretation of the electrocardiogram, such as left 
bundle-branch block and ventricular paced 
rhythm. 

In these situations, cardiac markers serve 
to confirm or exclude myocardial damage, 
especially if the patient has an atypical clini-
cal history and nonspecific electrocardio-
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Using the electrocardiogram and cardiac markers 
to assess and manage acute coronary syndromes 

Patients with chest pain of suspected cardiac origin 
I 

Obtain an electrocardiogram 

ST-segment elevation 
and 

Clinical picture consistent 
wi th acute myocardial infarction 

I 
Measure troponin T 
quantitatively 

t 
Admit to coronary 
intensive care unit 
after acute intervention 

i 
Measure creatine kinase MB 
for infarct sizing 

ST-segment depression 
or 

T-wave inversion 

I 
Admit to coronary intensive 
care or telemetry unit 

i 
Perform qualitative (bedside) tests 
for troponin T at presentation and 
at 6 and 12 hours 

i 
If qualitative test is positive 
(ie, > 0.1 ng/mL), the diagnosis 
is non-Q-wave Ml; measure 
troponin T and creatine kinase MB 
at 6 and 12 hours quantitatively 

Nonspecific changes 
or 

Normal electrocardiogram 

Assess risk (see TABLE 3 ) 

High risk 

i 
Measure troponin T 
and creatine kinase MB 
quantitatively 

Intermediate or low risk 

t 
Measure troponin T 
and creatine kinase MB 
quantitatively 

If positive, 
admit to cardiac 
intensive care unit 

Measure troponin T 
and creatine kinase 
MB quantitatively at 
6 and 12 hours 

If negative, 
admit to step-down 
or telemetry unit 

t 
Measure troponin T 
and creatine kinase 
MB quantitatively at 
6 and 12 hours 

If positive, 
admit to cardiac 
intensive care unit 

If negative, 
admit to clinical 
decision unit 

Obtain ECG and 
measure troponin T 
quantitatively at 
6 and 12 hours 

I 
If negative, 
consider stress test 

f 
If positive, 
obtain cardiac consult 

If negative, 
discharge wi th 
fol low-up 

FIGURE 1 
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T A B L E 3 

Predicting risk 
is more 
complex than a 
table can show 

L i k e l i h o o d o f s i g n i f i c a n t c o r o n a r y a r t e r y d i s e a s e 
i n p a t i e n t s w i t h s y m p t o m s s u g g e s t i n g u n s t a b l e a n g i n a * 
High likelihood ( 8 5 % - 9 9 % ) 
Any of the fol lowing features: 

History of prior myocardial infarction or sudden death or other known history of coronary artery disease 
Definite angina in a man > 60 years of age or a woman > 70 years of age 
Transient hemodynamic or electrocardiographic changes during pain 
Variant angina (pain with reversible ST-segment elevation) 
ST-segment elevation or depression > 1 mm 
Marked symmetrical T-wave inversion in multiple precordial leads 

Intermediate likelihood (15%-84%) 
Absence of high-likelihood features and any of the following: 

Definite angina in a man < 60 years of age or a woman < 70 years of age 
Probable angina in a man > 60 years of age or a woman > 70 years of age 
Chest pain probably not angina in a patient with diabetes 
Chest pain probably not angina and two or three risk factors other than diabetes 
(ie, smoking, hypertension, and elevated cholesterol) 
Extracardiac vascular disease 
ST-segment depression 0.05-1 mm 
T-wave inversion > 1 mm in leads wi th dominant R waves 

Low likelihood (0.01 % - 1 4 % ) 
Absence of high or intermediate likelihood features, but may have: 

Chest pain classified as probably not angina 
One risk factor other than diabetes 
T-wave flattening or inversion 1 mm in leads with dominant R waves 
Normal electrocardiogram 

"Estimating the likelihood of significant coronary artery disease is a complex, multivariable process that cannot 
be fully specified in a table such as this; therefore, the table is meant to illustrate major relationships rather than 
offer rigid algorithms 

DIAGNOSIS AND MANAGEMENT. CLINICAL PRACTICE GUIDELINE NUMBER 10. U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, 
PUBLIC HEALTH SERVICE, AGENCY FOR HEALTH CARE POLICY AND RESEARCH, 

NATIONAL HEART, LUNG, AND BLOOD INSTITUTE. AHCPR PUBLICATION NO. 94-0602, 1994. 

graphic changes or a number of risk factors for 
coronary artery disease. 

It is important to assess the patient's clin-
ical risk factors ( T A B L E 3). In patients with sig-
nificant risk factors, either qualitative or 
quantitative troponin T testing should be per-
formed initially and the result used to triage 
the patients appropriately. 

If troponin T is elevated, consider admit-
ting the patient to the cardiac intensive care unit 
regardless of his or her apparent clinical risk. 

If troponin T is not elevated in a patient 
at low or intermediate risk, admit the patient 
to a clinical decision unit for observation. 

If troponin T is not elevated in a patient 
at high risk, admit the patient to a telemetry 
hospital unit. Measure troponin T at 6 and 12 
hours after presentation to rule in or rule out 
acute myocardial necrosis. Base subsequent 
management decisions on whether troponin T 
is elevated or not. A high troponin T level 
( > 0 . 1 ng/mL, measured quantitatively) indi-
cates that the condition should be managed 
aggressively with antiplatelet and antithrom-
botic therapy. 

In low-risk patients without troponin T 
elevation and negative E C G findings, consid-
er a follow-up stress test. 
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